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DISCLAIMER 
 
This research study was conduced with the aim to identify factors responsible for 

producing lumps and balls in high-slump concrete. Due to high cost of experimentation, 

limited experimental data was collected. As such, conclusions and recommendations 

made in this report should be considered based on this limitation. 
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EXECUTIVE SUMMARY 

 

In high-slump truck-mixed concrete, mostly used in drilled shafts (deep foundation 

system for heavy loads), lumps and balls typically the size of a lemon to a baseball, are 

not uncommon. Such lumps and balls, usually composed of cement, sand and coarse 

aggregate, jeopardize structural integrity of concrete by forming weakened zones and by 

increasing the potential for soil intrusion. Florida Department of Transportation (FDOT) 

requires that the concrete should be free from lumps. Hence when lumps are found, 

concrete batches are to be rejected. Consequences are disruption of work, costly rework, 

and loss of valuable time.  

 

This experimental study was conducted to find the root causes of lumps and balls 

formation in high-slump truck-mixed concrete and to develop procedures to avoid them. 

Experiments were conducted at the CSR Rinker Concrete Plant in Miami, Florida, based 

on a protocol developed by a team of Florida Department of Transportation (FDOT) 

concrete engineers, CSR Rinker concrete plant personnel, and the Florida International 

University research team. A total of seventeen truckloads were investigated in two 

phases, first in April 2001 and second in March 2002. The variables investigated were the 

materials discharge rate, size of truck-load, headwater percentage content and number of 

initial mixing revolutions. 

 

It was found that using standard size of truck-load and discharge rate, namely 9 cu yd and 

200 lbs/sec, a headwater percentage between 30%-40% of batch water, and between 90-

100 initial number of revolutions at a speed of 12 revolutions per minute produce lumps-

free concrete. It was further found that inadequate mixing and poor batching procedures 

caused concrete lumps. On the basis of experimental results, recommendations about 

specific size of truck-load, discharge rate, number of mixing revolutions, and headwater 

percentage are made. At the end, a set of guidelines is presented to produce lumps free 

concrete and a protocol to follow when lumps and balls are found in concrete batches. 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  v 

CONTENTS 

 

Disclaimer ……………………………………………………………………………… ii 

Acknowledgments …………………………………………………………………… iii 

Executive Summary …………………………………………………………………... iv 

Contents ……………………………………………………………………………….. v 

List of Tables ………………………………………………………………………….. vii 

List of Figures …………………………………………………………………………. viii 

1. Introduction ……………………………………………………………………… 1 

 1.1 General ���������������������������. 1 

 1.2 Research Objectives ����������������������. 3 

 1.3 Scope ���������������������������� 3 

 1.4 Organization of the Report �������������������... 5 

2. Problems in Truck Mixed Concrete …………………………………………….. 6 

 2.1 Mixing Concrete in a Truck Mixer ����������������... 6 

 2.2 Uniformity Problems in Truck Mixed Concrete �����������.. 8 

 2.3 Avoiding Uniformity Problems in Truck Mixed Concrete �������.. 9 

 2.4 Professional Opinions ���������������������... 11 

 2.5 Testing for Mixing Uniformity ������������������. 15 

 2.6 Summary ��������������������������.. 15 

3. Methodology ……………………………………………………………………… 17 

 3.1 General ���������������������������. 17 

 3.2 Test Variables ������������������������... 17 

 3.3 Concrete Mix Design ���������������������� 18 

 3.4 Concrete Truck Mixer ���������������������.. 21 

 3.5 Mixing Sequence �����������������������.. 22 

 3.6 Experimental Details ���������������������� 23 

4. Tests Results and Discussion …………………………………………………….. 27 

 4.1 General ���������������������������. 27 

 4.2 Test Results �������������������������.. 27 

 4.3 Discussion �������������������������� 29 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  vi 

 4.4 Composition of Lumps and Balls �����������������. 36 

 4.5 Concrete Batches with Lumps and Balls ��������������.. 39 

5. Findings, Conclusions and Recommendations …………………………………. 39 

 5.1 Findings and Conclusions �������������������� 39 

 5.2 Recommendations ����������������������� 40 

 5.3 Future Studies ������������������������... 42 

 References ………………………………………………………………………… 45 

 Appendices ……………………………………………………………………….. 47 

 A. Concrete Mix Design for Each Test Mix �������������� 47 

 B. Sieve Analysis Results ���������������������. 66 

 C. Compressive Strength Test Results ����������������.. 71 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  vii 

LIST OF TABLES 

 

Table 3.1 FDOT Mix design for phase I 19 

Table 3.2 FDOT Mix design for phase II 20 

Table 4.1 Summary of test results 28 

Table 4.2 Grading of samples (percent passing) 37 

   

   

 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  viii 

LIST OF FIGURES 

 

Figure 1.1. Concrete in formwork with a cement ball 3 

Figure 2.1. How to avoid cement balls? 10 

Figure 3.1 CSR Rinker concrete truck mixer 21 

Figure 3.2 Concrete truck drum blades 21 

Figure 3.3 Batching sequence 22 

Figure 3.4 Discharging concrete into secondary truck 24 

Figure 3.5 Collecting concrete lumps and balls 25 

Figure 3.6 Sieving concrete using grate 25 

Figure 4.1 Effect of discharge rate on the number of concrete lumps and balls 29 

Figure 4.2 Concrete lumps in 150 lb/sec discharge rate batch 30 

Figure 4.3 Concrete lumps in 250 lb/sec discharge rate batch 30 

Figure 4.4 Effect of size of concrete load on the number of concrete lumps and 

balls 

31 

Figure 4.5 Effect of size of concrete load on the number of concrete lumps and 

balls 

31 

Figure 4.6 Effect of headwater percentage on number of lumps and balls (Phase 

I) 

32 

Figure 4.7 Effect of headwater percentage on number of lumps and balls (Phase 

II) 

33 

Figure 4.8 Effect of initial mixing revolutions on the number of lumps and balls 34 

Figure 4.9 Effect of initial mixing revolutions and headwater percentage on 

number of lumps and balls 

35 

Figure 4.10 Composition of concrete lumps and balls 36 

Figure 4.11 Sieve analysis results of concrete lumps and balls 37 

Figure 4.12 Lumps and balls found in a typical concrete batch 38 

   

   

   

 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  1 

Chapter 1 

INTRODUCTION 

 

 

1.1 General 

 

Ready-mix concrete can be produced in a number of ways; the most common methods 

are central-mixing and the truck-mixing. Central mixing plants usually provide good 

quality homogeneous concrete in large amounts. However, due to the large size, a great 

capital is required for their setup and operations. This is why large batching facilities are 

not abundant. Moreover, concrete delivery is limited to a specific diameter distance from 

the plant. Due to this limitation, concrete producers use other less expensive alternatives 

to produce and deliver ready-mixed concrete (NRMCA, 2002).  

 

One alternative method of producing ready-mix concrete is to batch concrete in truck 

mixers. The components of concrete are mechanically introduced to the inclined drum of 

the truck and are then mixed in the truck. Truck mixing allows the concrete producer to 

batch concrete of particular requirements for a customer; and increases the range and 

reliability of the concrete delivery. In the United States, the overwhelming majority of 

ready mixed concrete producers use truck-mixed concrete due to its low capital cost and 

greater coverage area. Truck mixing allows more flexibility to a concrete producer to 

produce concrete according to customer specifications (NRMCA 2002). There are three 

production techniques for truck mixed concrete: 

 

Concrete mixed at the job site: While traveling to the job site the drum is turned at 

agitating speed (slow speed). After arriving at the job site, the concrete is completely 

mixed. The drum is then turned for 70 to 100 revolutions, or about five minutes, at 

mixing speed to ensure uniform mixing. 
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Concrete mixed in the yard: The drum is turned at high speed (12-15 rpm) for 50 

revolutions. This allows a quick mixing of the batch. The concrete is then agitated slowly 

while driving to the job site. 

 

Concrete mixed in transit: The drum is turned at medium speed (about 8 rpm) for 70 

revolutions while driving to the job site. The drum is then slowed to agitating speed till it 

reaches the job site. 

 

Mixing concrete in a truck is different from mixing it in a central batch plant. Contrary to 

central stationary mixing plants, truck mixers do not have large mixing blades and high 

mixing capacities. Mixing blades in a plant lift and drop the concrete. Width limitations 

on truck mixers dictate the use of spiral blades that first move the concrete down towards 

the head end of the drum then back up the central axis towards the discharge end. 

Therefore, concrete mixed in a truck mixer is normally not as uniform as concrete from a 

central batching plant (Gaynor 1996). 

 

In the State of Florida, the majority of ready-mix concrete producers produce truck mixed 

concrete. Therefore, investigation and research on truck mixing techniques are imperative 

in this region. Major clients, such as the Florida Department of Transportation (FDOT), 

have faced problems with the truck mixed high-slump concrete used in drilled shafts. It is 

found that the high-slump concrete is prone to forming cement balls when batched or 

mixed in a truck mixer (Figure 1.1). Cement balls are round lumps of cement, sand, and 

coarse aggregate, typically about the size of a lemon to a baseball (Gaynor, 1996). 

Mixing usually grinds them up in a low slump concrete mix (2-3 inch), however, in high-

slump concrete (over 6 inch slump), such balls don�t breakup due to high fluidity of 

concrete.  
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Figure 1.1: Concrete in formwork with a cement ball (Gaynor, 1996) 

 

 

1.2 Research Objectives 

 

Florida Department of Transportation (FDOT) Standard Specifications for Road and 

Bridge Construction (2000) section 346-7.4.1 requires that concrete should be free from 

lumps and balls of cementations material. When lumps and balls are found, concrete 

batches are to be rejected, consequences of which may cause disruption of work, costly 

rework and loss of valuable time. This research was conducted with the objective of 

determining the reasons for the formation of lumps and balls in high-slump truck mixed 

concrete and to find ways to avoid them. The production of lumps-free concrete is in the 

best interest of all parties involved in the project, i.e. the concrete producer, the contractor 

and the FDOT. Major causes of lumps and balls formation, ways to avoid them, and a set 

of guidelines to follow when lumps and balls are found, are outlined in this report. A set 

of proposed specifications for high-slump truck mixed concrete is included for 

consideration by the FDOT to expand or amend the existing specifications. 

 

 

1.3 Scope 

 

All the experiments were carried out at the CSR concrete mixing plant in Miami. The 

concrete mix and its proportions were identical for all batches using the FDOT mix 
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design (Class 4: #06-0281). Because of a large number of variables that can affect the 

quality of concrete and due to high cost of testing, variables were selected carefully by 

the research team to fulfill the objectives of this research study. The variables chosen for 

the study are: 1) discharge rate (speed at which the materials are charged into the mixing 

truck through chute), ii) size of concrete load (total volume of concrete), iii) number of 

initial revolutions (number of revolutions of truck mixer after addition of materials but 

before slump adjustment), and iv) headwater percentage (water added to the mixer before 

the addition of materials). The following variables were not studied and were kept at 

fixed level for all test batches: 1) the mixing rate and charging rate of the truck mixer 

drum, 2) the discharge sequence of the materials in to the tuck mixer, 3) the concrete mix 

design, and 4) the mixing equipment or truck. The same truck was used in all test batches, 

in order to eliminate variation caused by different truck.  

 

It is important to note that the computer batching software at CSR Rinker concrete plant 

is set to produce 3 inch slump concrete. The 3 inch slump is selected because of its high 

demand and due to the fact that high-slump concrete can still be produced by adding 

additional water to the concrete. The reason is to minimize interruptions during batching 

at the plant. Since the software is set to produce 3 inch slump concrete, the FDOT mix 

design water (for 7-9 inch slump concrete) was trimmed. This trimmed water called as 

jobsite allowable water was later added to the mix to increase the slump to 7-9 inches. 

The amount of water needed as per the batching software for a regular 3 inch slump 

concrete was added in two parts, the first part was added before charging of materials 

called headwater, and the second part after charging of all the materials called tailwater. 

Thus the total mix design water for the high slump drilled shaft concrete was divided into 

three parts as follows: 

 
Total mix design water = Headwater + Tailwater + Jobsite allowable water 

 
The term batch water wherever used in this study means the mix design water for 3 inch 

slump concrete, i.e. total mix design water minus jobsite allowable water. The term 

jobsite allowable water is used to indicate the additional water needed to increase the 

slump of concrete from 3 inch to 7-9 inch. It should not be confused with so-called 
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tempered water which means the water allowance available in some mix designs to 

increase the slump of concrete at the jobsite to compensate for slump loss. 

 

Headwater percentage, as used in this report, means percentage of batch water (headwater 

+ tailwater). However, if any plant is using a batching process without using any jobsite 

allowable water (with software configured to produce 7-9 inch slump concrete), 

headwater percentage would mean the percentage of total mix-design water, which is the 

batch water for such a case. 

 

The investigation was conducted in two phases. In the first phase, discharge rate, size of 

concrete load and the headwater percentage were studied as variables. The results of the 

first phase indicated that the headwater percentage and the number of revolutions should 

be investigated further. Hence in the second phase, headwater percentage and the number 

of initial revolutions were selected as the variables. The following tests were carried out: 

Slump test, Air content test, Density test and the compressive strength test (in first phase 

only). The standard ASTM testing procedures were followed. The concrete was passed 

through a grate having 2.5 inch openings to collect concrete lumps before discharging 

into another empty truck. The size and number of lumps were recorded for each batch 

and selected samples were sent to the laboratory for sieve analysis to determine their 

gradation. 

 

1.4 Organization of the Report 

 

This report is organized as follows: it begins with an introduction of concrete production 

techniques, a statement of the research objectives and the scope of the research (Chapter 

1). In Chapter 2, a brief literature review on the problems associated with truck mixed 

concrete along with opinions of some professionals is presented.  Next, in Chapter 3, the 

methodology and protocol used to carry out the investigations are described. Results and 

analysis of findings are discussed in Chapter 4. Further discussions, conclusions and 

recommendations made on the basis of the experimental findings are included in the last 

chapter (Chapter 5) The detailed experimental data is available in the appendices. 
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Chapter 2 

PROBLEMS IN TRUCK MIXED CONCRETE 

 

 

2.1 Mixing Concrete in a Truck Mixer 

 

The National Ready Mix Concrete Association (NRMCA) has conducted extensive 

research on the batching and mixing sequence of truck mixed concrete (NRMCA, 1975). 

It is found that the batching and mixing procedures, if not properly followed, may 

produce a non-homogenous and non-uniform concrete. The factors that influence the 

homogeneity of the truck mixed concrete are summarized below (NRMCA, 1975). 

 

2.1.1. Method of loading 

This is the most influential variant and has the greatest effect on the batch uniformity. 

The water adding procedures also influence the homogeneity of concrete and should be 

investigated separately for a particular method of loading. Typical loading methods such 

as ribbon feeding, slurry mixing and cement-last mixing are explained in the following 

sections (NRMCA 1975). 

 

Blending fine and coarse aggregates 

When coarse aggregates are batched in two different sizes and the maximum size is 

greater than 1.5 inch, the fine and coarse aggregates should be blended during charging of 

materials. In all loadings, the feeding of coarse aggregates should start ahead of the fine 

aggregates in order to avoid head packs (dry sand streaks). 

 

Ribbon loading 

This method involves the blending of fine and coarse aggregates, and cement during the 

loading cycle of materials. Ribbon loading is more susceptible to the formation of head-

packs and cement balls. In order to avoid these problems, the coarse aggregates and some 

water should be added in the mixer before the addition of fine aggregates and cement. 
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The charging of water is reasonably flexible in this loading method. The best uniformity 

is obtained when half of the water is batched before the solids and half after the solids. 

 

Cement-last loading 

This type of loading is very sensitive to the method of water addition and can result either 

excellent or poor uniformity in concrete. The advantage of this loading is that if the 

cement is loaded last without turning the drum and mixing is performed after arrival at 

the job site, then very little cement becomes wetted and delivery time can be extended an 

hour or more without compromising quality. It is useful when a plant needs to handle a 

variety of different cements and aggregates. The maximum batch size is however less 

than the rated mixer capacity. Coarse aggregate should lead the fine aggregates and 

cement to avoid head-packs and ¼ of the water should be added after the cement. 

 

Sandwich loading 

This loading involves charging the cement between equal increments of ribbon-fed 

aggregates and water. 

 

Double batching 

In double batching, concrete is batched in two, 4 cubic yards cement-last batches, which 

results in a better uniformity than a single eight cubic yards batch. 

 

Slurry mixing 

The time required for this procedure makes it impractical, but it produces the best 

uniformity and strength. Furthermore, it avoids the occurrence of head-packs, sand 

streaks and cement balls. This is a good loading method to try when nothing else works. 

 

2.1.2. Mixing revolutions 

When concrete is improperly mixed, additional revolutions will not necessarily to solve 

the problem. A change in loading procedure is likely to provide the best solution. In 

loadings where mixing is marginal to fair at 50 revolutions, the additional mixing of 100 

or 150 revolutions will produce only modest improvement. Only rarely will an increase 
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from the ASTM minimum of 70 to the maximum of 100 produce a marked improvement 

in uniformity. As a general rule the number of revolutions should be doubled to obtain 

significant improvement in uniformity. 

 

2.1.3. Mixing speeds 

The various tests demonstrated that in the range of 4 to 12 rpm, drum speed does not 

significantly affect the uniformity obtained in a fixed number of revolutions. However, 

mixing does improve in the range of 12 to 22 rpm�s in some cases. Above 22 rpm mixing 

adversely affects concrete uniformity. 

 

2.1.4. Charging speed and inclination of drum 

This does not greatly influence mixing, head-packs, or cement balls. 

 

2.1.5. Batch size 

This is not one of the critical variables affecting uniformity. A one or two cubic yard 

reduction of the rated mixer capacity will produce a modest improvement in uniformity, 

but seldom will such a change solve serious uniformity problems. 

 

2.1.6. Concrete proportions and materials. 

Limited test are conducted with concrete of different slumps, air contents and cement 

contents using a variety of aggregates. These variations in the mix composition did not 

have large or constant effects on the ease or difficulty of producing well-mixed concrete. 

 

 

2.2 Uniformity Problems in Truck Mixed Concrete 

 

Mixing blades in a plant lift and drop the concrete. Width limitations on truck mixers 

dictate the use of spiral blades that first move the concrete down towards the head end of 

the drum then back up the central axis towards the discharge end. Therefore, concrete 

mixed in a truck mixer is normally not as uniform as concrete from a central batching 

plant (Gaynor 1996). 



Lumps and Balls in High-Slump Concrete: Reasons and Remedy  
 

Final Report  9 

The non-uniformity of truck mixed concrete causes the development of head packs and 

concrete balls. Head packs refer to sand streaks that appear when discharging the final 

portions of the concrete. Head packs are produced when sand is loaded before coarse 

aggregates. The sand packs in the head of the drum and breaks loose after about half the 

load has been discharged. Usually the head pack goes unnoticed because the sand gets 

mixed into the concrete before it reaches the chute. Despite the absence of visual clues, 

head packs are undesirable because they cause variations in slump, air content, and 

strength. Head packs can be avoided by loading sand and cement together after 50-75% 

of the coarse aggregates and water has been charged in the truck (Gaynor 1996). 

 

Concrete balls are round lumps of cement, sand and coarse aggregates, typically the size 

of a lemon to a baseball. Such lumps and balls jeopardize the structural integrity of 

hardened concrete by forming weakened zones and by increasing the potential for soil 

intrusion. Moreover, they reduce the freeze-thaw resistance of hardened concrete. Their 

occurrence usually indicates problems with batching and mixing, such as improper 

batching sequencing or not enough revolutions of the mixing drum (Suprenant 1992). 

Gaynor (1996) states that in a low-slump concrete (2-3 inch slump), concrete balls are 

usually grinded during mixing operation. However, in high-slump concrete (over 6 inch 

slump), such balls do not break up due to high fluidity of concrete. Hence a special 

loading and mixing sequence is desirable for high-slump concrete to produce lumps-free 

concrete. 

 

 

2.3 Avoiding Uniformity Problems in Truck Mixed Concrete 

 

There has not been much literature published on the uniformity problems of truck mixed 

concrete. However, a paper by Mr. Richard Gaynor, former Director of National Ready 

Mixed Concrete Association (NRMCA), outlines the various techniques to avoid 

problems arising from non-uniformity in truck mixed concrete (Gaynor, 1996).  
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Gaynor states �You can eliminate cement balls by changing from ribbon feeding to slurry 

mixing. There isn’t enough water to make a real slurry, but this procedure still works. 

Load all the water, then load the cement and mix for one minute at high drum speed. 

(Don’t try to load cement before water. No known truck mixer will mix concrete properly 

if cement is the first ingredient). Next, ribbon in the fine and coarse aggregate. Although 

slurry mixing prevents cement balls, truck-loading can be slow and dusty�. 

 

Gaynor (1996) recommended a more 

practical solution to the problem, by 

optimizing the loading procedure of 

coarse aggregates and water. He states 

�Put about 4,000 pounds of coarse 

aggregate into the drum first to avoid a 

head pack. Then add about ¾ of the 

water, ribbon in the rest of the aggregate 

(coarse and fine) and cement (Figure 

2.1). And finally add the remaining ¼ of 

the water�. To avoid head packs, Gaynor 

suggested batching about 2 tons of 

coarse aggregates into the drum before 

adding other ingredient. 

 

Gaynor discourages the practice of 

batching a 2 or 3 inch slump concrete 

and then using the job site allowable 

water to increase the slump to 8 inches. 

 
 

Figure 2.1: How to avoid cement balls? 
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“One quick way to produce high-slump concrete is to mix the concrete at 

a 2 inch slump, then add enough water to reach the desired slump. 

However, this is an ineffective solution because cement balls are a cause 

of improper loading or batching sequences. Moreover, this procedure 

creates other problems such as shrinkage and high creep; furthermore, 

this is an expensive and timely solution” (Gaynor, 1996). 

 

Nevertheless, to achieve the large amount of water needed in high-slump concrete, this 

method is most commonly practiced in Florida and is used by CSR Rinker concrete plant. 

However, this practice forms concrete lumps and balls in the high-slump concrete mix 

used by the FDOT for drilled shafts. Gaynor (1996) found out that concrete lumps are a 

cause of improper loading sequence and mixing procedures. Hence we conducted this 

research to find the critical loading sequence and mixing procedure to avoid non 

uniformity problems. 

 

 

2.4 Professional Opinions 

 

To deal with the fact that there are not much published literature on batching of high-

slump truck mixed concrete, the authors contacted various government and private 

concrete engineers and inquired about their experiences in batching high-slump truck 

mixed concrete and in particular, if they had problems with formation of lumps in such 

concrete. Many commonalities were noticed in techniques for batching high-slump 

concrete and problems with such techniques. Following is a summary of these 

correspondences. 

 

2.4.1 California Department of Transportation 

Mr. Daniel Zuhlke from the California Department of Transportation states why cement 

balls are formed: �increased water in a concrete mix tends to ball the cement since the 

dry cement coats rapidly with the water and leaves the interior dry� (Zuhlke, 2001). In 
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other words, the cement is mixed with the aggregates before the water can reach it. Mr. 

Zuhlke goes on to write on the remedy to the problem.  
 

�To mitigate this condition, add mix water into the mixer over the full 

period of charging the mixer with the dry material. Ribbon feed the dry 

material at the same time. The mixer must be clean and in good condition, 

not overloaded, and operating at optimum speed; also make sure the 

mixer blades are not worn more than 10%� (Zuhlke, 2001). 

 

2.4.2 Georgia Department of Transportation 

Mr. Robert Crown from the Georgia Department of Transportation writes:  

 

�It is Georgia's experience that lumps are usually related more to the 

batching sequence of the materials at the plant site. Batching sequence 

will vary at different plants due to plant type, central mix, dry batch or 

shrink mix. We have had very few problems with lumping. Most plants 

charge a portion of the mix water first and then some aggregate before 

the cement is charged. We have had, in some instances, where the water 

and cement stick in the front of the drum (head pack) and comes loose 

during transit and we end up with 0" slump at the job and not enough 

water to bring it back to a usable slump. Changing the batch sequence 

solved the problem. Therefore, since there are varying batching 

situations, we depend on each producer to know his best batching 

sequence instead of specifying� (Crown, 2001). 

 

2.4.3 Online Concrete Database 

Using an online concrete database called Dr. Concrete, Mr. Kenneth from Austin, 

TX. States: 

 �I don't know of any studies, but I can tell you from experience what can 

cause lumps or balls in the mix, whether it is high or low slump: There are 

several factors that contribute to those unsightly concrete balls coming 
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out of your mixer and irritating the finishers. Worn down fins or fins with 

build up; charging speeds too slow or too fast; putting water in with 

cement; putting wet sand in with cement; not putting enough head water 

in the drum; not putting enough coarse aggregate in before adding sand 

and cement; not mixing long enough before leaving for the job; and the 

worst cause of all - clay balls in your aggregates. If you put as much 

water and coarse aggregate in the front of the load as you can, that will 

help overcome some of the other factors that create balls� (Kenneth, 

2001). 

 

2.4.4 Interviews with Plant Personnel in Tallahassee, Florida 

An interview was conducted with Mr. Dan Doerrfeld (Area Manager) and Mr. Don 

Patterson (Plant Superintendent) of SEMAX Plant on March 08, 2001 in Tallahassee, 

Florida. They expressed familiarities with the FDOT drilled shaft concrete specifications 

and production. The opinion of these personnel was that lumps and balls are formed in 

high-slump concrete because of the following reasons: (1) the high water requirement; (2) 

the loading (discharge) rate � you may need to load slower than normal rate; and (3) high 

cement requirement. Information derived at this meeting can be summarized as follows: 

 

• Their plant uses a 100% truck mixing procedure, i.e. all materials batched at plant, 

and the mixing done in the truck, with a minimum of 75 revolutions of mixing being 

done on the plant site before leaving for delivery at the job site. 

• Water is introduced first, with typical headwater at 80% of total water requirement. 

Aggregates (coarse and fine) are then loaded, before cement and fly ash. The 

cementitious materials (cement and fly ash) are introduced after about 15% of the 

total aggregates have been loaded. The timing of the loading is such that the cement 

and the fly ash should be loaded to finish simultaneously with the loading of the 

aggregates. The final water is introduced to the complete the loading and the mixing. 

• It has been observed that fast loading of the materials may lead to inadequate 

blending of the concrete ingredients, and result in lumps and balls in the mix. 
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• If the cement and fly ash are introduced after all the aggregates have been loaded, the 

cementitious materials will not blend with the aggregate and may result in lumps and 

balls. The suggestion is to avoid finishing the aggregates loading before using up all 

the cementitious materials. 

• Typical loading rate is 150 lb/sec to 180 lb/sec for the aggregates and 40 lb/sec for the 

cement. 

• Lumps and balls may contain any or all of the ingredients of concrete (aggregates, 

cement, fly ask), not just only cement. 

 

Another interview was conducted with a Quality Assurance Personnel (Meredith Brown) 

on March 07, 2001 at the Florida Rock Industries Plant, in Tallahassee, Florida. The 

opinion of Mr. Brown was that the high cement requirement of the FDOT drilled shaft 

concrete mix design necessitate fast loading rate of cement at the end of the overall 

material loading. This may cause inadequate blending, resulting in lumps and balls in the 

mix. 

 

On June 06, 2001, a discussion was also done with the Plant Superintendent (Danny 

Collins) of Tallahassee RediMix Plant, in Tallahassee, Florida. Mr. Collin�s opinions on 

the formation of lumps and balls in high-slump drilled shaft concrete include the 

following: 

 

• The fast loading rate of materials into the truck may contribute to formation of lumps 

and balls. 

• Aggregates should be blended adequately. 

• Water and cement mixing together (alone) may result in formation of lumps and balls. 

• There may be hard material build-ups inside the truck from previous jobs. 
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2.5 Testing for Mixing Uniformity 

 

Standard Specifications for Ready Mixed Concrete, ASTM C94, contains uniformity 

testing procedures and requirements. Samples should be taken from two parts of the batch 

and be tested for slump, air content, strength, coarse aggregate content, and air free unit 

weight of concrete and of mortar. Usually changes in slump, air content, and strength 

correlate to changes in the other characteristics, and a complete test of all six 

characteristics is rarely necessary. 

 

The specification also suggests that slump tests are a quick way of checking the probable 

degree of uniformity. Observation of concrete slump during unloading, supplemented by 

occasional testing, will be enough to confirm basic mixing uniformity. 

 

Uniformity tests must be performed by skilled personnel because any variation in testing 

methods will be reflected in the uniformity test results. For instance, ASTMC C94 

requires strength tests from two samples to agree within 7.5%. Based on ASTM precision 

statements for the strength test, about half of the strength difference between two 

concrete samples will be a result of testing variation rather than real variation in the 

concrete. The inherent variability in slump, air content, and unit weight tests is greater 

than that for strength tests, and deviations from standard testing methods increase 

variability. Thus, it is critical to perform these tests correctly (Gaynor, 1996). 

 

 

2.6 Summary 

 

Gaynor (1996) concluded that the method of materials loading and mixing sequence are 

the two major sources causing  non-uniformity in the truck mixed concrete. Moreover, 

water addition procedure should be examined. Any incorrect timing or improper water 

loading affects the mix. Gaynor (1996) believes that ribbon loading is prone to form 

head-packs and concrete lumps. To avoid this, he suggested that the coarse aggregate and 

some water should be placed prior to the sand and cement. The tests performed in this 
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research explored the effect of number of revolutions on formation of lumps and the 

findings are discussed later. 

 

From the above discussions, one may think that concrete lumps are most likely caused by 

improper loading and poor sequencing procedures, especially in high-slump concrete. 

High-slump concrete requires an unusually high amount of water in order to meet 

workability requirements. Batching all materials including all the water at once, does not 

produce a good mix. This is because the excess water does not permit the individual 

materials to be thoroughly combined; instead it creates a sea of sporadic materials in the 

truck mixer. If the concrete does not mix properly, any addition of water will increase the 

problem and reduce the concrete strength. The purpose of this research is to improve the 

batching procedure by making it practical and efficient and by producing lumps-free 

high-slump concrete. 
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Chapter 3 

METHODOLOGY 

 

 

3.1 General 

 

The research team has developed a protocol for conducting experiments in order to 

determine the causes of the problem and to find possible solutions that could eliminate 

lumps and balls in high-slump concrete. A total of seventeen test-loads were batched to 

study the effects of test variables, as mentioned earlier as well as in the following 

sections. Originally, just one phase of testing was planned, but the results of the first 

phase made additional testing necessary to further investigate the effect of some 

variables. The first phase of experiments was conducted in April 2001 and the second 

phase in March 2002. Quantitative analysis was performed on the results to determine the 

factors influencing the homogeneity of truck mixed high-slump concrete. 

 

 

3.2 Test Variables 

 

The uniformity of truck-mixed concrete depends on a number of variables such as the 

mixing sequence, mixing time, charging and mixing speed, discharge rate (speed at which 

the materials are charged into the mixing truck through chute), size of concrete load (total 

volume of concrete), number of initial revolutions (number of revolutions of truck mixer 

after addition of materials but before slump adjustment), and headwater percentage  

(water added to the mixer before the addition of materials, expressed as percentage of 

total water). The first three factors have been extensively studied by a number of 

researchers (Gaynor 1996; Suprenant 1992; Gaynor and Mullarky 1975) and FDOT has 

developed adequate specifications (FDOT specifications 346-8, 2002) to minimize their 

effect on concrete homogeneity. Hence the other four factors were selected as variables 

for this research. 
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The variables studied in phase I were: 1) discharge rate, 2) size of concrete load and 3) 

headwater percentage. In phase II, the testing variables were: 1) headwater percentage 

and 2) number of initial mixing revolutions. 

 

 

3.3 Concrete Mix Design 

 

FDOT standard mix design for drilled shafts (Class 4: #06-0281) was used for all the tests 

in both phases. A different admixture brand was used in phase II, however. The reason 

was that the admixture used in Phase I was not commercially available at the time phase 

II was carried out. However, this change in admixture should not have any effect on the 

variables under study and for all practical purposes it can be reasonably assumed that the 

concrete composition was same in both batches. The mix proportions are shown in Tables 

1 and 2. 

 

Due to the limitation of the computer batching software at the CSR Rinker concrete as 

described in section 1.3, the mix design water was trimmed to produce 3 inch slump 

concrete. This trimmed water or jobsite allowable water was added after the initial 

mixing revolutions to increase the slump to 7-9 inches. The truck drum was revolved for 

30 additional mixing revolutions at 12 rpm to ensure homogeneity. It is important to note 

that the amount of jobsite allowable was not constant in all batches, but varied from 5 to 

8 gallons/yard, as suggested by plant personal based on their experience to ensure more 

uniformity. This variation is within ±10% and is not expected to have an effect on the 

number of lumps and balls produced in different batches. 
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Table 3.1 FDOT Mix Design for Phase I 
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Table 3.2 FDOT Mix Design for Phase II 
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3.4 Concrete Truck Mixer 

 

The truck mixer used in this research is a ten cubic yard, rear loaded mixing truck, 

normally loaded with nine cubic yards of concrete (Figure 3.1). The truck has three 

internal blades (Figure 3.2), and both the blades and the truck were in perfect working 

condition at the time of testing. The truck had a drum volume of 473 ft3, an agitating 

speed of 2-6 rpm, mixing speed of 12-16 rpm and water storage capacity of 80 gallons. 

The truck mixer was manufactured by McNeilus Inc. (Model KX6-414) and approved by 

National Ready Mix Concrete Association (NRMCA). 

 

 

Figure 3.1: CSR Rinker concrete truck mixer 

 

 
Figure 3.2: Concrete truck drum blades  
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3.5 Mixing Sequence 

 

The standard batching sequence (discharge and mixing) adopted by CSR Rinker concrete 

plant was used in this study as illustrated in Figure 3.3.  

 

 

 

 

 

 

 

 

 

Figure 3.3: Batching sequence 

The details of the mixing sequence are as follows: 

1. With the drum rotating at charging mode (2-4 rpm), headwater and admixtures were 

introduced. 

2. Next the coarse and fine aggregates were discharged into the truck. . 

3. While this process continued, cementitious materials were ribbon fed into the 

aggregates stream. The aggregates were continuously being discharged in the truck 

during this entire process (even after the cementitious materials were all added). 

4. Finally, the tail water was added. 
 

The truck mixes the concrete using a specified number of initial revolutions (for example 

40, 50, 70 etc) at a mixing speed of 12 rpm. This was followed by slump water 

adjustment (the concrete was initially batched for a slump of 3� as the computerized 
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batching software is programmed for this slump) to increase the concrete slump up to 7-9 

inch. This water termed as jobsite allowable, was originally deducted from the total mix 

design water (along with the moisture compensation). Additional 30 revolutions were 

given at mixing speed (12 rpm) after each addition of jobsite allowable water until the 

desired slump was achieved. 

 

 

3.6 Experimental Details 

 

The experimental details of both phases are described in the following sections. 

 

3.6.1 Phase I 

This part of the project consisted of 11 concrete batches tested during April and May of 

2001.  

 

Following variables were tested in Phase I. 

 

a. Discharge rate: 150, 200 and 250 lbs/sec. 

b. Size of truck-load: 3, 5, 7 and 9 cubic yards. 

c. Headwater percentage: 80%, 70% and 60% of total water content 

 

Slump, density, air content, and internal concrete temperature tests were performed on 

two different samples. The first sample was collected at the beginning of the concrete 

discharge and second was collected at around the middle. Three 6 x12 inch concrete 

cylinders were prepared from the second sample for compressive strength determination. 

The following standard ASTM testing procedures were followed throughout the 

experimentation. 

 

a) Sampling Freshly Mixed Concrete: ASTM C172 

b) Slump: ASTM C143 

c) Density and Unit weight: ASTM C138 
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d) Temperature: ASTM C1064 

e) Entrapped air: ASTM C 173, C231, C233 

f) Compressive strength: ASTM C31 & C39 

 

The concrete was passed through a grate with openings of 2.5 inch to collect lumps and 

then discharged into another empty truck as illustrated in Figures 3.4 through 3.6. The 

size and number of lumps and balls were recorded for each batch and selected samples 

were sent to the laboratory for sieve analysis to determine their gradation. 

 

 

 
 

Figure 3.4: Discharging concrete into secondary truck 
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Figure 3.5: Collecting concrete lumps and balls 

 

 

 
 

Figure 3.6 Sieving concrete through the grate 
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3.6.2 Phase II 

Phase II was conducted in order to reaffirm Phase I conclusions and to test new untested 

variables. Except for the variables under study the methodology was very similar to 

Phase I. The following variables were studied in Phase II. 

 

1. Headwater percentage : 55%, 30% and 20% of total water content 

2. Number of initial revolutions: 55, 75 and 100 

 

All tests performed in Phase I were also conducted in Phase II except the compressive 

strength test because the same concrete mix was used and the compressive strength 

variation has no effect on the formation of lumps and balls. However, the tests were 

performed on only one sample collected near the middle of the batch, since in Phase I, no 

variation was found between the results of the two samples. 
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Chapter 4 

TEST RESULTS 

 

 

4.1 General 

 

The first phase of experiments consisted of 11 test batches and was conducted at the CSR 

Rinker concrete facility, at their Sweetwater plant in Miami, during three days in the 

months of April and May 2001. Almost a year later, during two days of March 2002, the 

second phase of testing was carried out. Phase II consisted of 5 nine cubic yard test 

batches, as described in chapter 3. All concrete test batches were consistent with the 

specified FDOT approved mix design number 06-0281 for high-slump concrete (Table 

3.1 & 3.2). Personnel from CSR Rinker, Florida International University, Florida State 

University, and Florida Department of Transportation were present at the CSR Rinker 

concrete plant facility during both phases. 

 

 

4.2 Test Results 

 

The test results of Phase I and II are divided into 5 data sets based on different 

combination of variables and are summarized in Table 4.1. 
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Table 4.1: Summary of test results 
 

Number of Lumps and Balls 
 

Set Load 
 
 

(yds3) 

Initial 
Rev. 

Head 
Water 

  
(%) 

Discharge
Rate 

 
(lbs/sec) 

Slump 
 
 

(inch) 

Air 
Content 

 
(%) 

Density 
 
 

(lbs/ft2) 
1″-
2″ 

3″-
4″ 

5″-
6″ 

7″-
8″ 

9″-
10″ >10″ Total 

28 days 
Compressive 

Strength 
(psi) 

9 40 90 150 7.8 2.00 142.0 5 6 4 7 1 0 23 7185 

9 N.A.^ 90 200 8.3 2.00 140.8 4 8 3 0 0 0 15 7775 
A 

(Phase 
I) 

9 N.A.^ 90 250 8.5 2.00 142.0 6 7 8 9 5 5 40 7275 
  

3 48 90 200 8.0 2.25 139.6 0 0 0 0 0 0 0 7600 

5 N.A. ^ 90 200 7.5 2.00 141.2 0 2 0 0 0 0 2 6645 

7 38 90 200 7.5 2.00 140.4 7 5 12 11 0 0 35 6695 

B 
(Phase 

I) 
9 31 90 200 7.5 2.00 140.8 8 9 15 8 2 3 45 6745 

  
9 40 81* 200 7.8 2.25 140.4 0 2 3 3 0 1 9 6705 

9 35 78* 200 8.5 2.50 140.0 6 7 17 6 2 6 44 6765 

9 35 68* 200 8.0 2.00 141.2 1 2 1 1 0 0 5 7125 

C 
(Phase 

I) 
9 49 64* 200 7.5 2.50 140.0 0 0 0 0 0 0 0 N.A. 

  

9 55 50 200 8.3 3.20 140.6 9 13 11 2 3 2 40 N.A. 

9 55 30 200 8.8 2.80 141.6 1 4 0 1 0 0 6 N.A. 
D 

(Phase 
II) 

9 55 20 200 9.0 2.80 141.0 3 3 3 0 0 1 10 N.A. 
  

9 55 30 200 8.8 2.80 141.6 1 4 0 1 0 0 6 N.A. 

9 75 30 200 8.8 2.60 140.6 1 2 2 2 0 0 7 N.A. 
E 

(Phase 
II) 

9 100 30 200 8.5 2.50 141.6 0 0 0 0 0 0 0 N.A. 

 
* designed headwater percentages were 80%, 75%, 70% and 65%, respectively. Figures in Table show actually measured percentages. 

^  N.A.: not available or not recorded.
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4.3 Discussion 

 

4.3.1 Discharge Rate 

The �discharge rate� (lbs/sec), refers to the speed at which the materials exit the loader 

through the chute into the mixing truck. Figure 4.1 shows the relation between the 

discharge rate and the number of concrete lumps (Data of set A as shown in Table 4.1). 

 

 

 

 

 

 

 

 

Figure 4.1: Effect of discharge rate on the number of concrete lumps and balls 

 

It is evident from the figure that the optimum discharge rate to minimize concrete lumps 

is 200 lbs/sec. Fifteen small to medium size concrete lumps were present in this sample. 

Hence this discharge rate was selected for the rest of the experimentation. Moreover, 

since the discharge curve is nearly flat near 200 lbs/sec discharge rate, it is suggested to 

extend the limits of optimum discharge rate to 200±10 lbs/sec.  

 

The concrete batch with discharge rate of 150 lbs/sec produced 23 balls while the one 

with 250 lbs/sec produced 40 balls. It was interesting to note that smaller size balls were 

found in the 200 lbs/sec discharge batch. The 150 lbs/sec discharge batch produced 

relatively smaller size balls as compared to 250 lbs/sec discharge batch. Please see 

photographs in Figures 4.2 and 4.3. The reason in the latter case could be the faster 

loading of the materials, not allowing the cementitious materials to mix adequately with 

the aggregates thus resulting in larger concrete lumps. 
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Information on the number of initial and total revolutions was not available, except for 

first batch (150 lb/sec), which was given 40 initial revolutions prior to slump water 

adjustment. This was because during the Phase I, number of initial revolutions was not 

considered a variable to investigate and was not recorded. Nevertheless, one may fairly 

assume that the number of initial mixing revolutions did not differ much in this set of test 

batches and is not likely to have an effect on the results.  

 

 
 

Figure 4.2: Concrete lumps in 150 lb/sec discharge rate batch 

 
 
 

 
 

Figure 4.3: Concrete lumps in 250 lb/sec discharge rate batch 
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4.3.2 Size of Concrete Load 

The relation between the size of concrete load (total volume of concrete) and the number 

of lumps is shown in Figures 4.4 and 4.5 (Data of set B as shown in Table 4.1). 

 

0
5

10
15
20
25
30
35
40
45
50

3 5 7 9
Load Size (cuyd)

N
o.

 o
f L

um
ps

48 IRevs

Headwater 90%
200 #/sec

N/A IRevs

38 IRevs

31 IRevs

 
Figure 4.4: Effect of size of concrete load on the number of concrete lumps and balls 
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Figure 4.5: Effect of size of concrete load on the number of concrete lumps and balls 

 

Figure 4.4 shows that 7 and 9 cu. yd. batches had many concrete lumps, while 3 and 5 cu.  

yd. batches had no, or very few, lumps. This is due to the fact that smaller load size can 

be mixed easily in a drum having a capacity of 2-3 times greater than the volume of 

loaded materials. An optimum load size between 3 to 5 cu. yd. would probably the best as 

indicated by Figure 4.4. However, this will not be practical from a productivity point of 

view as it will be very time consuming. This is not recommended by NRMCA either as 

explained in chapter 2 (section 2.1). 
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In Figure 4.5 number of concrete lumps normalized in terms of the load size (number of 

lumps/cu yd) is shown. The relationship is almost linear. This is to be expected as smaller 

concrete load would also have fewer lumps. The loads of 3 cu yd and 5 cu yd are not 

commercially feasible and hence are not considered any further. Since the normalized 

number of lumps between the loads of 7 cu yd and 9 cu yd are found to be the same, and 

also because the usual truck size is about 10 cu yd, it was decided that 9 cu yd is the load 

size to be recommended for use.  

 

4.3.3 Headwater Percentage 

Phase 1 

In set C (phase I), four trial batches were made with varying headwater percentage (or 

ratio) (water added to the mixer before the addition of materials) of 81%, 78%, 68% and 

64% (originally planned to be 80%, 75%, 70% and 65%). The test results are shown in 

Figure 4.6. 
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Figure 4.6: Effect of headwater percentage on number of lumps and balls (Phase I) 

 

As illustrated in Figure 4.6 the 81% and the 78% batches of set C had almost the same 

headwater percentage but the 78% batch resulted in excessively large number of lumps. 

This data point is considered as outlier. 
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The results indicate that a lower headwater percentage resulted in a reduced number of 

lumps and balls. The initial number of mixing revolutions was not considered as a 

variable in the early stages of the study. However, the results of this data set (C) raised 

the point that initial number of revolutions could have a vital effect on the number of 

lumps. The 68% headwater batch had 5 balls (35 initial revolutions) and 64% headwater 

batch had zero balls (49 initial revolutions) which indicated that for almost the same 

headwater percentage, the higher number of initial mixing revolutions could reduce the 

number of lumps in the concrete batch. So based on these results, it was decided to test 

some more batches with lower headwater percentage and higher initial number of mixing 

revolutions. 

 

Phase II 

The test results of set D (phase II) are shown in Figure 4.7. 
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Figure 4.7: Effect of headwater percentage on number of lumps and balls (Phase II) 

 

The set D was performed with 55 constant initial mixing revolutions, while the headwater 

percentage was decreased to 50%, 30%, and 20% of total water content. An optimum 

headwater percentage of 30% is indicated in Figure 4.7. The data point with 50% head 

water percentage showed an exceptionally high number of lumps (40) and is also 

inconsistent with the results of Phase I (set C), hence it is considered as an outlier. The 
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test results seem to show almost a linear decrease in number of lumps with a decreasing 

headwater percentages. But, since the batch with 20% headwater percentage suffered 

from head-packs in the drum, it was considered unpractical and the 30% headwater 

percentage was accepted as the optimum value. 

 

The results of set D support the conclusions made for set C, that a lower headwater 

percentage would result in a lower number of lumps and balls, provided the initial 

number of mixing revolutions are higher (the optimum number of initial mixing 

revolutions is explored in section 4.3.4). In addition, it was observed that the lump-sizes 

were reduced with a lower headwater percentage. An optimum headwater percentage of 

30% was used for set E. 

 

4.3.4 Initial Revolutions 

Using a headwater percentage of 30% and a discharge rate of 200 lb/sec, 9cu yd concrete-

loads were tested with initial mixing revolutions of 55, 75 and 100 (set E). In Figure 4.8 

the influence of number of initial revolutions on the number of lumps are shown. 
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Figure 4.8: Effect of number of initial revolutions on the number of lumps  
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A considerable decrease in the number of lumps is observed in Figure 4.8 between 75 and 

100 initial revolutions. Furthermore, it can also be seen in the figure that at 100 initial 

revolutions there is no lumps. The total number of revolutions (initial and final) was 130 

at 12 rpm for this batch. FDOT specification (346-8) specifies a maximum of 100 total 

revolutions to mix concrete; therefore, according to this result , the specifications will 

have to be changed. The high number of mixing revolutions appears to provide 

preliminary confirmation of a correlationship between lower headwater percentage, 

higher number of initial revolutions, and fewer lumps and balls. This finding is further 

explored in the following section. 

 

4.3.5 Combined Effect of Headwater Percentage and Initial Revolutions 

 

The combined effect of headwater percentage and initial revolutions on the number of 

lumps is illustrated in Figure 4.9. 

 

  

 

 

 

 

 

 

Figure 4.9: Effect of number of initial mixing revolutions and headwater percentage on 

number of lumps and balls 

 
The data for concrete batches with lumps numbering 10 or less are plotted in Figure 4.9 

using an average curve (approximated by eyeballing). 
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It is clear from Figure 4.9 that with increasing numbers of initial revolutions, the 

headwater percentage can be decreased in order to produce lumps-free concrete. 

However, the headwater percentage should not be less than 30%, as the headwater 

percentage lower than that resulted in head packs. It was further observed that the size of 

concrete lumps was smaller when lower headwater percentage was used with higher 

number of initial revolutions. The optimum headwater percentage was found to be 

between 30%-40% with initial revolutions ranging between 90 to 100. 

 

 

4.4 Composition of Lumps and Balls based on Gradation 
 

A visual inspection of lumps and balls indicated that they are made up of cement, coarse 

and fine aggregates. The composition of most of the lumps and balls seemed to be 

uniform with few exceptions where dry sand and coarse aggregates were found in the 

center of the lump. This might be due to too low headwater percentage followed by a low 

number of initial revolutions. In Figure 4.10, typical composition of a concrete lump is 

shown. 

 

 
 

Figure 4.10: Composition of concrete lumps and balls 
 

A representative number of samples of concrete lumps and balls were taken from 

different sets of batches and sent to the laboratory for sieve analysis to determine the 

gradation of materials. The results are shown in Table 4.1 and Figure 4.11. 
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Table 4.2: Grading of samples (percent passing) 

PERCENT THAT PAST THE SIEVE BY WEIGHT (7 SAMPLES) 

SIEVE 
 Percent 

Past 
Sample#1 

 Percent 
Past 

Sample#2 

 Percent 
Past 

Sample#3

Percent 
Past 

Sample#4

  Percent 
Past 

Sample#5

  Percent 
Past 

Sample#6 

  Percent  
Past 

Sample#7
1" 100 100 100 100 100 100 100 

3/4" 92.1 91.6 92.8 92.6 97 99.2 95.6 
1/2" 70.3 69.2 73.5 82.1 81.2 81.5 81.2 
3/8" 57.2 58.6 61.2 72.2 71.2 72.9 69.1 
#4 49.6 44 47.9 59.4 58.2 59.2 54.8 
#8 48.9 41.4 45.2 56.7 55.7 56.4 52.1 
#10 48.6 41.1 44.9 56.4 55.3 55.9 48.3 
#16 46 38.4 42.1 52.9 51.7 52.3 22.8 
#30 23.3 18.5 19.9 25.2 24.2 24.5 12.8 
#40 12.7 10.4 10.9 14.2 13.6 13.5 7.7 
#50 7.6 6.4 6.5 8.8 8.4 7.9 3 
#80 2.1 2.7 2.5 3.9 3.6 2.9 1.7 
#100 1.2 1.8 1.5 2.8 2.4 1.7 0.7 
#200 0.3 0.8 0.5 1.7 1.4 0.6 0.2 

M & C 0.1 0.4 0.1 1.1 0.9 0 0 
M & C - Silts & Clays / Percent past of samples are in order (1-7) in Appendix E 
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Figure 4.11: Sieve analysis results of concrete lumps and balls 

 

The sieve analysis indicates a gap grading of materials with concentration of small size 

coarse aggregates (medium size coarse aggregates were negligible), fine sand and 

cement. This is very obvious as these materials are more prone to form lumps and balls in 

the presence of water. The percentage of cement content in the samples could not be 

determined due to the limited scope of experiments. 
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The size of concrete lumps varied between 1 inch to 14 inch and most batches showed a 

combination of various sizes. However, smaller lumps were found in batches with low 

headwater percentage and higher initial revolutions. This is due to the fact that less 

headwater reduces the chances of cement and sand to form clutches and if formed, high 

initial revolutions break them. Figure 4.13 shows the different sizes of concrete lumps 

and balls found in a particular batch. 

 

 

 
 

Figure 4.13: Lumps and balls found in a typical concrete batch 
 

 
4.5 Concrete Batches with Lumps and Balls 
 
Based on the interviews conducted with concrete plant managers and supervisors, the 

following actions could be taken to break lumps and balls in concrete, based on the 

discretion of FDOT site engineer. 

 

1. If the concrete lumps are large, rotate the concrete drum at high speed (12-15 rpm) for 

2-3 minutes and then at slow speed (6-8 rpm) for 3-5 minutes. This action could break 

the large lumps and makes concrete more uniform. 

 

2. If small size concrete balls are found, sieve the concrete using a grate of 2.5 inch 

openings before discharging it on the chute. This practice is recommended to avoid 

disruption of operations at the site to save time and cost.  
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Chapter 5 

FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

 

 

5.1 Findings and Conclusions 

Based on the findings of this study, the following conclusions can be drawn. 

 

1. Headwater percentage and initial revolutions have a combined effect on the number 

of lumps and balls produced. A low headwater percentage followed by higher number 

of initial revolutions can eliminate concrete lumps. The optimum combination was 

found to be 30% headwater percentage with 100 initial revolutions at a speed of 12 

rpm. It can be concluded that a headwater percentage between 30-40% and number of 

initial revolutions between 90-100 can produce lumps free concrete. This implies that 

the total number of mixing revolutions should be between 120-130 as 30 additional 

revolutions are required after the addition of jobsite allowable water. 

 

2. The optimum speed at which the materials exit the loader through the chute into the 

mixing truck (discharge rate) was found to be 200±10 lbs/sec. 

 

3. Although the size of concrete load does have an effect on the number of lumps and 

balls formed, smaller than 9 cu yd load sizes are not commercially feasible.  Since the 

number of lumps and balls formed with load sizes of 7 and 9 cu yd were found to be 

almost the same, it is recommended to use the 9 cubic yards load size, whenever 

concrete in large amounts is required. 

 

4. The sieve analysis indicated that most of the concrete lumps and balls were similar in 

gradation and made up of small coarse aggregates, coarse sand and cement. 
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5.2 Recommendations 

 

The results of this investigation, although limited by the number of data points, indicate 

that the main reason for lumps and balls formation in high-slump concrete used by FDOT 

is the result of inadequate mixing prior to addition of jobsite allowable water. To remedy 

this problem proper initial mixing must be performed, by using the following suggested 

step-by-step procedure. 

 

1) A 9 cubic yard batch should be prepared by initially charging 30% to 40% 

(headwater) of the batch water with all the admixtures (please refer to section 1.3 for 

a clarification of the term batch water). However, if any plant is using a batching 

process without using jobsite allowable water (with software configured to produce 7-

9 inch slump concrete) headwater percentage would be the percentage of total mix-

design water. 

 

2) The charging of headwater should be followed by the charging of aggregates at a 

discharge rate of 200 ± 10 lbs/sec. 

 

3) After initiating the aggregate charge, cementitious materials should be �ribbon fed� 

into the aggregate stream at the same discharge rate (200±10 lbs/sec). Discharge of 

cementitious material should be completed prior to the completion of the aggregate 

charge. Finally the tailwater (remainder of the batch water) should be charged. 

 

4) The drum should be rotated for 90-100 initial mixing revolutions at a speed of 12 

rpm. 
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5) Once the initial mixing is completed, the jobsite allowable water should be added to 

increase the slump of concrete from 3 inch to 7-9 inch. The concrete is then mixed for 

an additional 30 revolutions at 12 rpm.  

The suggestions made in this research are not radically different from previous batching 

procedures and can be easily implemented.  

 

The authors recommend the following changes in the Draft FDOT Materials Manual 

(2002), as mentioned in the FDOT specification 6-8.1.1, Quality Control Program for 

Material Producers (FDOT 2002).  

 

Section 9.2.8.3. Transit Mixing 

�Initially mix each batch between 70 and 100 revolutions of the drum at mixing speed. 

When water is added at the job site, mix the concrete for 30 additional revolutions. When 

mixing for the purpose of adjusting consistency, do not allow the total number of 

revolutions at mixing speed to exceed 160. Discharge all concrete from truck mixers 

before total drum revolution exceed 300�. 

 

We suggest the following to replace the above section:  

 

Initially mix each batch between 90 to 100 revolutions of the drum at mixing speed. When 

water is added at the job site, mix the concrete for 30 additional revolutions. When 

mixing for the purpose of adjusting consistency, do not allow the total number of 

revolutions at mixing speed to exceed 160. Discharge all concrete from truck mixers 

before total drum revolution exceeds 300. 

 

Section 9.2.8.4 Charging the Mixer 

�Charge each batch into the drum so that some water enters both in advance of and after 

the cementitious materials and aggregates. If using fly ash in the mix, charge it into the 

drum over approximately the same interval as cement. The concrete producer may use 

other time intervals for the introduction of materials into the mix when the concrete 
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producer demonstrates, using test requirements specified in ASTM C94, that he can 

achieve uniformity of the concrete mix�. 

 

 

Our suggestion is: 

 

Initially charge 30%-40% of the batch water with admixtures into the drum and then 

start charging the aggregates. After initiation of aggregate charge, ribbon-fed the 

cementitious materials into the aggregate stream. Discharge of cementitious materials 

should be completed prior to the completion of the aggregate charge. The concrete 

producer may use other time intervals for the introduction of materials into the mix when 

the concrete producer demonstrates, using test requirements specified in ASTM C94, that 

he can achieve uniformity of the concrete mix. 

 

In Addition, the authors suggest changes in the FDOT specification 346-7.4.1 as follows: 

 

346-7.4.1 General Requirements 

�Provide mixers of an approved type that are capable of combining the components of the 

concrete into a thoroughly mixed and uniform mass, free from balls or lumps of 

cementitious material, and that are capable of discharging the concrete with a satisfactory 

degree of uniformity�. 

 

The suggested specification is: 

 

Provide mixers of an approved type that are capable of combining the components of the 

concrete into a thoroughly mixed and uniform mass, free from balls or lumps of 

cementitious material, and that are capable of discharging the concrete with a 

satisfactory degree of uniformity. If lumps and balls are found in a concrete batch, the 

FDOT engineer may allow the contractor to use a grate with 2.5 inch openings to sieve 

the concrete of first batch in order to avoid disruption of operation. However, the 

remaining batches will be rejected. 
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5.3 Future Studies 

 

This research study has resulted in a possible solution to the problem of having lumps and 

balls in high-slump concrete. The solution involves mixing of the ingredients in a certain 

procedure with specified ranges of number of initial mixing revolutions and headwater 

percentages. 

 

A continuation of this work is imperative in order to make conclusive recommendations. 

The following guidelines may serve as the basis for future studies. 

 

1. More batches should be tested around the optimum values attained in this research. A 

minimum of fifteen test batches (requirement for mix designs are 15 to 30 for FDOT) 

of the procedure outlined in this report could indicate with certainty whether the 

conclusions of this research are statistically valid. 

 

2. Charging and mixing sequence may have an effect on the formation of lumps and 

balls. A different charging and mixing sequence could produce different results even 

if other factors remain unchanged. This implies that a different combination of the 

headwater percentage and the initial mixing revolutions should be investigated for a 

different charging and mixing sequence, if large number of concrete lumps and balls 

appeared in the mix. 

 

3. The effect of other variables such as cement content, retarder dose and amount of 

superplasticizer on the mix design need to be investigated. This research studied one 

mix design, which did not take into account the possible variations of admixtures and 

their affect on the mix homogeneity or the water content.  

 

4. The influence of computer software should be investigated. Specifically, the 

discrepancy in the way FDOT mix design is implemented by the supplier (i.e. the 

concrete was initially mixed for 3 inch slump and then jobsite allowable water was 

added to raise the slump to 7-9 inches). The way software is configured or 
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programmed at the batching plant need to be addressed, to verify if a different 

configuration can batch a high-slump concrete directly from the batching machine, 

without the need for slump water adjustments. 
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Appendix A 

CONCRETE MIX DESIGN FOR EACH TEST MIX 

(CSR RINKER MIX DESIGN) 
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Appendix B 

SIEVE ANALYSIS RESULTS 
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Appendix C 
 

COMPRESSIVE STRENGHT TEST RESULTS 
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